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Oral sl)ilochetes are usually cultivated on a coml)lex Tyndallized veal heart infusion medium containing ascitic fluid (Hampp, 1943; Rosebury et al., 1951) or rabbit blood (B3erger, 1958; Socranskv, Macdonald, and Sawyer, 1959) . Attempts to simplify and define this medium have met with partial success. Hampp and Nevin (1959) cultivated Borrelia vincentii in a veal heart infusion medium in which five coenzymes and glucose-i-phosphate substituted for ascitic fluid enrichment. Later, the same investigators , using a simplified basal medium, demonstrated a requirement of B. vincentii for five coenzymes, oleic acid, carbon dioxide, and L-asparagine. In addition, small quantities of ascitic fluid were essential for growth.
Since (Listgarten, Loesche, and Socransky, 1963) .
Cultivation of organisms other than spirochetes. Mixed oral organisms were maintained by serial transfer as mixed cultures in well plates or as confluent drops on heart infusion-blood agar plates. Pure cultures of organisms other than spirochetes were isolated on PPLO Agar and maintained on PPLO Agar or in PPLO broth. When two or more organisms were placed in the well, they were first combined by means of a "wheel plate" (Macdonald, Sutton, and Knoll, 1954) In later experiments, the fusiform and diphtheroid cultures were grown anaerobically for 4 days in PPLO broth supplemented with 0. 1% glucose. The cultures were centrifuged at 10,000 X g, and the supernatant fluids were filter-sterilized through 0.45-, Millipore filters or autoclaved at 10 psi for 10 min.
A ssay of filtrate activity. The basal medium for the assay of filtrate activity consisted of PPLO broth supplemented with 1,000 ,g/ml of glucose, 800 ,ug/ml of L-eysteine, 400 Mg/ml of nicotinamide, and 5 ,ug/ml of cocarboxylase. The eysteine and cocarboxylase were filtersterilized and added aseptically to the remainder of the medium which had been previously autoclaved at 10 psi for 10 min. For growth and routine maintenance of spirochetes, the basal medium was supplemented with 5% diphtheroid culture filtrate and 5% fusiform culture filtrate.
T'wo assay systems were used. In the first, the basal medium supplemented with 1.2% agar (Difco) and the substances being assayed was poured into petri plates (6 by 1.5 cm) and the spirochetes were inoculated into the central "well." Results were considered positive when a typical spirochetal haze was observed after incubation, and negative when there was no visible indication of growth.
In the second assay system, the spirochetes were inoculated into the basal medium supple- miD at pH 7.0; (ii) autoclaving at 121 C for 15 min; (iii) extraction three times with 3 volumes of ether at pH 2.5, 7.0, and 10.5; (iv) steam distillation at pH 2.5, 7.0, and 10.5; and (v) dialysis against 0.067 M phosphate buffer (pH 7.0).
Determination of isobutyrate and putrescine uptake. T. mnicrodentium was grown in the basal medium supplemented with 0.5 ,ug/ml of sodium isobutyrate for two successive passages and then transferred to a medium containing 2 mg/ml of sodium isobutyrate-1-C'4. The organisms were grown anaerobically for 3 days and harvested by centrifugation. Radioactivity was determined in the culture supernatant, and also in a sample of the cells after collection on a Millipore filter. The filter was cemented to a planchet for counting. The remaining cells were then washed three times with 0.067 M phosphate buffer (pH 7.0) and suspended in a 1% solution of unlabeled sodium isobutyrate for 24 hr at 4 C. Radioactivity was again determined in the cells and the suspending medium. The cells were reharvested by centrifugation, suspended in distilled water, and sonically disrupted for 1 hr in a 9-ke Raytheon sonic oscillator. A sample of this suspension was steam-distilled at pH 2.0, and another sample was subjected to column chromatography (Wiseman and Irvin, 1957 The two organisms were inoculated with the diphtheroid and fusiform. In *robically for 2 to 4 days all experiments where there was spirochetal rng with the filter. Spiro-growth, the Eh readings in the central well I into the underlying agar were between -185 and -220 mv. In two s were reincubated anaero-additional experiments, the spirochetes failed ional days. Examination of to grow. In one instance the Eh was above this Lt the spirochetes grew on range, and in the other instance the Eh was ie presence of the support-below this range. The diphtheroid growing alone t on control plates which produced an Eh of -90 to -110 mv. The fusianaerobically without the form growing alone produced an Eh of -240 to -280 mv. The Eh of uninoculated media was in growing cultures. The -50 to -70 mv. Requirement of Treponema microdentium for cocarboxylase. It was noted that the filtrates of both supporting organisms contained a heatlabile factor which could be replaced by cocarboxylase, as suggested by Steinman, Oyama, and Schulze (1954) and Nevin et al. (1960) ( pH 7.0, dialyzable, soluble in ether at pH 2.5, and somewhat soluble in ether at pH 7.0, but not at pH 10.5. It could be steam-distilled at pH 2.5 but remained in the residue at pH 7.0 and 10.5.
The active factor present in the diphtheroid filtrate was also heat-stable at pH 7.0 and was dialyzable, but was not ether-soluble at pH 2.5 and 7.0 and was only slightly soluble at pH 10.5. It could not be steam-distilled at any pH.
Replacement of the filtrates with known compounds. A variety of acids, including formic, acetic, propionic, butyric, isobutyric, valeric, isovaleric, hexanoic, lactic, pyruvic, succinic, and oleic, were converted to their sodium salts and added to the basal medium in concentrations of 0.1, 0.5, 1.0, 3.0, and 10.0 ,ug/ml in attempts to support spirochetal growth. Only sodium isobutyrate was capable of supporting spirochetal growth; it was required at a level of 2 ,Ag/ml for maximal growth (Fig. 4) .
In another series of experiments, the polyamines, spermine tetrahydrochloride, spermidine phosphate, and putrescine dihydrochloride, were assayed in attempts to support spirochetal growth. All three polyamines were able to support spirochetal growth, with spermine being most effective and putrescine least effective (Fig. 5) . The optimal concentrations or spermine tetrahydrochloride, spermidine phosphate, and putrescine dihydrochloride were 150, 200, and 250 ,ug/ml, respectively. The combination of any one of the polyamines with sodium isobutyrate did not enhance spirochetal growth.
Although sodium isobutyrate or one of the polyamines could support spirochetal growth for extended passages in broth, these compounds alone or in combination failed to support growth in Difco agar (Table 3) .
Since it was possible that the agar was binding one or both of the required factors, sodium isobutyrate and spermine tetrahydrochloride were added in concentrations up to 1,000 times those required for growth in broth. In other experiments, the agar was presoaked in 1 % concentrations of the growth factors before use or purified by the method of Grabar (1959) . The results of these experiments were uniformly negative. Hardy, Lee, and Nell (1963) Determinatiorn of the presence of isobutyrate and putrescine in culture filtrates. The filtrates of the two supporting organisms were acidified, placed on Celite-sucrose columns, and eluted as described by Wiseman and Irvin (1957) . All fractions were collected and assayed for ability to support spirochetal growth. Only a single fraction, from the fusiform filtrate, was capable of supporting spirochetal growth. This fraction migrated with authentic isobutyric acid and was assumed to be isobutyric acid.
Polyamines in the filtrates of the supporting organisms were extracted from alkaline solution into t-butanol by the method of Rosenthal and Tabor (1956) . Samples of the extracts were spotted on Whatman no. 4 chromatographic paper and developed in three solvent systems: (i) phenol, (ii) n-butanol-acetic acid-water (40:10:50), and (iii) m-cresol-acetic acid-water (50:2:48) (Bremner and Kenten, 1951 (Wichelhausen and Wichelhausen, 1942; Nevin et al., 1960) . With the exception of Nevin et al. (1960) , no attempt Allison, Bryant, and Doetsch, 1958;  B3ryant and Robinson, 1961) . Wegner and Foster (1960) isolated a Borrelia strain from the rumen, which required both a branched-chain and a straight-chain fatty acid. MIany of the organisms isolated from the rumen could utilize either isobutyric or isovaleric acid. However, isovaleric acid will not substitute for isobutvric acid as a growth factor for T. microdentium.
The role of isobutyric acid in the metabolism of T. microdentium has not been elucidated. Allison et al. (1962a, b) aldehydes.
An unusual finding in this study was the ability of polyamines to replace isobutyric acid as a growth factor for T. microdentium. Bacteria have been shown to require polyamines for growth (Herbst and Snell, 1949; 1\Iartin, Pelezar, and Hansen, 1952; Sneath 1955 ). In addition, polyamines have been shown to have stabilizing effects on bacteria (Mager, 1955) , lprotoplasts (,Mager, 1959) , and mitochondria (Tabor, 1960 
